Background--We aim to determine the prevalence of anemia in acute coronary syndrome (ACS) patients and compare their clinical characteristics, management, and clinical outcomes to those without anemia in an unselected national ACS cohort.
undergo cardiac catheterization. 4, 6, 11 These adverse clinical characteristics are well known to contribute to adverse outcomes in patients with ACS. Previous reports have suggested that ACS patients with anemia have significantly worse in-hospital and longer-term total and cardiac mortality outcomes, [5] [6] [7] 16, 17 heart failure, 18 and risk of major bleeding 6 and of reinfarction. 6, 8, 19 Some studies have reported that, once differences in age or comorbidity burden between anemic/nonanemic ACS cohorts are adjusted for, anemia is no longer an independent predictor of adverse mortality 20 or cardiovascular mortality, 21 although other studies report that the relationship persists. 6, 7, 19, 22 Other studies have reported different relationships between anemia and cardiovascular (CV) outcomes according to sex, with baseline anemia independently associated with higher rates of all-cause and cardiac mortality at 30 days and 1 year in men but not in women. 7 Data derived from secondary analyses from randomized controlled trials (RCT) have suggested adverse mortality outcomes associated with anemia in patients with ACS, 5, 6, 23 but such RCTs often exclude older patients with the most severe comorbid conditions and may therefore underreport the prevalence of anemia and underestimate its prognostic impact. Many of the studies that have reported relationships between anemia and adverse outcomes in the setting of ACS have not adjusted for or excluded patients with major bleeding events 3, 5, 24 that may further confound the relationships reported.
We have estimated the prevalence of anemia in ACS patients and compared their clinical characteristics, management, and clinical outcomes to those without anemia in an unselected national ACS cohort derived from the Myocardial Ischaemia National Audit Project (MINAP) registry, which collects data on all patients in the UK admitted with a confirmed diagnosis of ACS. We also examined the relationship between anemia and short-(30-day) and longer-term (1-year) mortality outcomes in this setting and assessed whether the prognostic impact of anemia relates to its severity.
Methods Study Design and Population
The MINAP registry collects data on all patients aged 18 or over in the United Kingdom who are admitted to all 230 NHS hospital trusts in England and Wales with a confirmed diagnosis of an ACS. We analyzed data from the registry for patients admitted between January 2006 and December 2010 on this registry and followed them up until August 2011. Participants were included in the current study if they had a diagnosis of any ACS (ST-segment elevation myocardial infarction [STEMI] , non-ST-segment elevation myocardial infarction [NSTEMI] , or unstable angina) determined by the medical team at time of discharge. Mortality outcome was ascertained by linkage through the Office of National Statistics. 25 
Data Collection
The MINAP data set collects standardized data on prehospital and in-hospital care for all ACS admissions from all 230 NHS trusts in England and Wales and is part of the NHS data dictionary (http://www.hqip.org.uk/minap-2013-report/). The data are collected by nurses and clinical audit staff and contain 123 fields. The details of development and initial findings are reported elsewhere. 26 In the current study variables included in the analyses were hemoglobin at the time of admission with an ACS, age, sex, smoking status, peak troponin levels, hyperlipidemia, hypertension, prior angina, prior myocardial infarction, prior heart failure, prior stroke, peripheral vascular disease, chronic obstructive pulmonary disease, diabetes, renal failure, prior percutaneous coronary intervention, prior coronary artery bypass graft, prior medications (angiotensin-converting enzyme [ACE] inhibitor, b-blocker, statin, clopidogrel, aspirin), clinical diagnosis (unstable angina, NSTEMI, STEMI), discharge medications (ACE inhibitor, b-blocker, statin, clopidogrel, aspirin), angiography, in-hospital bleeding, and mortality outcomes in hospital and within 30 days and 1 year. World Health Organization (WHO) hemoglobin thresholds were used to define anemia as <13 g/dL for men and <12 g/dL for women.
Statistical Analysis
Multiple imputations by chained equations in STATA version 13.0 were used to impute missing values for variables where possible. We describe baseline variables according to whether they were missing or nonmissing in tables, and details of participant inclusion are shown graphically. Descriptive statistics are presented for baseline variables and outcome according to anemia status and sex. Associations between anemia status and individual variables were tested using 1-way analysis of variance for continuous variables and Chisquared test for categorical variables. We used multiple logistic regression with adjustments for baseline variables to determine factors associated with anemia. The same regression methods were used to determine the adjusted odds of 30-day mortality with 1 g/dL incremental hemoglobin increase from <10 to ≥18 g/dL for men and from <9 to ≥17 g/dL for women. These results were presented graphically. Additional analyses were performed to determine the adjusted odds ratio of mortality at 30 days and 1 year for anemic compared to nonanemic groups for the whole cohort, the male-only cohort, female-only cohort, NSTEMI cohort, STEMI cohort, and subgroups where bleeding was excluded. The baseline variables of the group of participants who bled and did not bleed were also compared. Further analysis was performed restricting the cohort that had no imputations. Severity of anemia was examined by stratifying the cohort by sex-specific hemoglobin cutoffs (Hb <10 g/dL, Hb 10-11 g/ dL, Hb 11-12 g/dL, Hb 12-13 g/dL, Hb ≥13 g/dL for men and Hb <9 g/dL, Hb 9-10 g/dL, Hb 10-11 g/dL, Hb 11-12 g/ dL, Hb ≥12 g/dL for women). To better control for baseline differences across the anemic and nonanemic groups, further analysis was performed using propensity score matching (mi estimate:teffects psmatch) to estimate average treatment effects (ATE). Although multiple regression is the most widely used method to control for measured confounders, it can be inadequate when the 2 comparator groups (anemia vs no anemia in our analyses) are very different across key confounders. Propensity score matching can be a better approach in such extreme scenarios and can thus serve as a useful sensitivity analysis. Propensity scores were calculated using multiple logistic regression, and then 1:1 matching with replacement (ie, including all cases and controls) was performed prior to simple logistic regression models to obtain the ATE. Statistics to demonstrate the success of the matching are also reported.
Ethical Considerations
The current study obtained the ethical approval from the Faculty of Medicine & Health Sciences Research Ethics Committee, University of East Anglia. Informed consent from participants was waived as data were routinely collected, and only anonymized data were used in the study.
Results
There were a total of 424 848 participants in the MINAP cohort between January 2006 and December 2010 who were followed up until August 2011. Of them, hemoglobin values were recorded in 257 999 patients. Figure S1 shows the flow diagram of participant inclusion, and comparison of characteristics between those with and without available data on Hb did not show any material differences (Table S1 ).
The prevalence of anemia in this cohort was 71 223/ 256 744 (27.7%). After multiple imputations the sample size of the complete data set with all imputed variables was 256 744.
The descriptive statistics of baseline variables in the included cohort, sorted by anemia status, are shown in Table 1 . The anemic cohort was significantly older, with a higher proportion of smokers (85% vs 68%, P<0.001), prior hypertension (59% vs 48%, P<0.001), angina (43% vs 27%, P<0.001), myocardial infarction (38% vs 23%, P<0.001), prior heart failure (12% vs 4%, P<0.001), stroke (14% vs 7%, P<0.001), peripheral vascular disease (8% vs 3%, P<0.001), COPD (18% vs 14%, P<0.001), diabetes (31% vs 16%, P<0.001), and renal failure (19% vs 4%, P<0.001). Participants who were anemic were more likely to have aspirin and clopidogrel prior to admission (7% vs 5%, P<0.001) and less likely to be prescribed dual antiplatelet therapy on discharge (75% vs 79%, P<0.001). Participants whose anemia occurred in the context of a bleeding complication were more likely to be female, to be on aspirin before admission and on discharge (30% vs 28%, P<0.001), to have STEMI diagnosis (52% vs 38%, P<0.001), to be less likely to receive angiography (26% vs 38%, P<0.001) and more likely to die at 30 days (6% versus 3%, P<0.001) and 1 year (12% vs 8%, P<0.001) ( Table S2) . Similar rates of angiography were performed in the anemic versus nonanemic cohort, but patients with anemia were significantly less likely to be prescribed secondary prevention medications postdischarge. The difference in crude mortality rates between the anemic and nonanemic groups increased with longer follow-up.
Multiple logistic regression was used to determine the independent factors associated with the presence of anemia at baseline ( Table 2 ). The most significant associations were observed with presence of peripheral vascular disease (OR 1.427, 95% CI 1.362-1.496, P<0.001), diabetes mellitus (OR 1.786, 95% CI 1.742-1.832, P<0.001), and renal disease (OR 3.058, 95% CI 2.962-3.158, P<0.001).
The adjusted odds of mortality by incremental (1 g/dL) increase in hemoglobin are shown in Figure 1 . Lower hemoglobin values were associated with significantly higher mortality with a nonsignificant trend toward higher mortality in those patients with elevated hemoglobin values.
The odds of mortality associated with the presence of anemia following adjustment for baseline covariates are shown in Table 3 . We observed that there was a~1.3-fold increase in odds of 30-day mortality (OR 1.281, 95% CI 1.217-1.350, P<0.001) and 1-year (OR 1.311, 95% CI 1.274-1.348, P<0.001) mortality, respectively, with anemia after adjustment for potential confounders. Similar significant increases in mortality with anemia were observed for men (30- Peak troponin NA (Table S3 ) and mortality outcomes associated with anemia (Table S4) were observed. Propensity score matched analysis is shown in Table 4 , and anemia is associated with significant increase in mortality at both 30 days and 1 year after adjustments for propensity score (30-day mortality coefficient 0.0080, 95% CI 0.0045-0.0114, P<0.001; 1-year mortality coefficient 0.0173, 95% CI 0.0128-0.0218, P<0.001).
There were also differences in baseline characteristics according to sex (Table 5 ). Most notably, females were younger (mean age 74 vs 67 years, P<0.001), but more were smokers (79% vs 70%, P<0.001) and hypertensive (56% vs 47%, P<0.001). However, medication at discharge was higher in men, and women had a higher proportion of patients with adverse outcomes.
The sex-specific adjusted odds of mortality by incremental (1 g/dL) increase in hemoglobin is shown in Figure 2 . For both sexes, lower hemoglobin values were associated with significantly higher mortality, but high values of hemoglobin were associated with higher mortality only in men and not in women. Similar results were observed if patients with bleeding were excluded ( Figure S2 ).
In terms of severity of anemia there was an increase in mortality at both 30 days and 1 year with reduced hemoglobin, which ranged from~1.2-to 1.3-fold increase in odds of mortality for Hb 12 to 13 g/dL to a~1.4-to 1.5-fold increase for Hb <10 g/dL for men (Table 6 ). For women, similar results were recorded.
Discussion
Our analysis is the largest analysis to study the prevalence, clinical characteristics, and outcomes associated with anemia in an unselected national cohort of ACS patients in the United Kingdom. We have observed that more than 1 in 4 patients presenting with ACS are anemic and that these patients are older, have a greater prevalence of comorbid conditions, and are less likely to receive evidence-based therapies shown to improve clinical outcomes. Finally, our analysis suggests that anemia is independently associated with adverse in-hospital and longer-term mortality outcomes, with a reverse J-shaped relationship between Hb levels and both short and longer mortality outcomes observed. Our observed prevalence of anemia of 28% is greater than that reported in data derived from RCTs reporting rates of between 10% and 25%, [5] [6] [7] 23 although registry data reveal significantly higher prevalences. 4, 12, 27 For example, an analysis of 78 974 Medicare beneficiaries aged 65 years or older hospitalized with acute myocardial infarction revealed a prevalence of anemia of 43%. 12 We have observed that ACS patients with anemia are older, have a greater prevalence of comorbid conditions, and are less likely to receive evidencebased therapies for the treatment of ACS, in agreement with previous literature. [5] [6] [7] 19, 21 In the current analysis we report that the presence of anemia is independently associated with an~50% increased risk of mortality in the short and long term and that this prognostic impact is observed in both men and women, in contrast to the findings of a secondary analysis of the HORIZONS-AMI trial that failed to demonstrate an association between anemia and increased risk of mortality in women. 7 We have observed a reverse J-shaped relationship between decreasing Hb values and 30-day mortality, with a doseresponse effect with progressively lower odds of survival with more profound degrees of anemia in both men and women. Similar reverse J-shaped relationships are seen between Hb levels and CV death and the composite endpoint of CV death, myocardial infarction, or recurrent ischemic events in some studies, 21 although other studies have not revealed such statistically significant relationships in either in-hospital cardiac mortality 16 or longer-term mortality. 1 Previous studies have reported that anemia is independently associated with adverse clinical outcomes, but many of these studies did not report whether patients with bleeding events were excluded from their analyses, as it is well documented that major bleeding is independently associated with mortality in the ACS setting, [28] [29] [30] which might have confounded any reported relationships between the presence of anemia and mortality. In the current analysis we report anemia independently predicts adverse mortality outcomes and that the Jshaped relationship between Hb level and mortality persists even after exclusion of patients with bleeding events. There are several biological and clinical reasons why anemia may lead to worse clinical outcomes in patients with ACS. In the setting of ACS, anemia might worsen ischemia by decreasing the oxygen delivery to the jeopardized myocardium and increase myocardial oxygen demand due to greater cardiac output to maintain adequate systemic oxygen delivery. 31, 32 Clinically, patients with anemia are often underprescribed antiplatelet therapy due to bleeding concerns; for example, in our current analysis clopidogrel was prescribed in 73% of patients without anemia and 66% with anemia (P<0.001), whereas in the CADILLAC trial 18% of patients with anemia at the time of their ACS were no longer receiving aspirin at 1 year, 23 which might contribute to increased cardiovascular events. Analysis of the Figure 1 . Adjusted odds of mortality at 30 days according to hemoglobin levels for men and women.
Adjusted for age, sex, current or ex-smokers, troponin, hyperlipidemia, hypertension, prior angina, prior myocardial infarction, prior heart failure, stroke, peripheral vascular disease, chronic obstructive pulmonary disease, diabetes, renal failure, prior percutaneous coronary intervention, prior coronary artery bypass graft, medications prior to admission, diagnosis, medications at discharge and angiography.
ACUITY trial suggests that patients with anemia were less likely to undergo percutaneous coronary intervention (PCI) and more likely to be medically managed, which may further contribute to worse cardiovascular outcomes in this group. 6 Finally, anemia may be a manifestation of numerous chronic disease states, and the presence of anemia is merely a marker of poorer outcomes in patients with chronic diseases. Our analysis suggests that anemia is independently associated with adverse clinical outcomes in patients presenting with ACS. There is a lack of clarity in contemporary guideline recommendations as to whether such patients with anemia should be transfused and the optimal transfusion strategy. 33 The Our study has some limitations. The MINAP data set requires the recording of Hb within 24 hours of admission. Many of these Hb values, particularly in the setting of hemodynamically unstable NSTEMI or STEMI treated with primary PCI, may be post-PCI and may reflect the influence of acute bleeding complications and not reflect chronic anemia. Nevertheless, Figure 2 . Adjusted odds of mortality at 30 days according to hemoglobin levels and sex. Adjusted for age, current or ex-smokers, troponin, hyperlipidemia, hypertension, prior angina, prior myocardial infarction, prior heart failure, stroke, peripheral vascular disease, chronic obstructive pulmonary disease, diabetes, renal failure, prior percutaneous coronary intervention, prior coronary artery bypass graft, medications prior to admission, diagnosis, medications at discharge, and angiography.
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Journal of the American Heart Association 9 even following exclusion of patients who sustained bleeding complications during their in-hospital course, the relationships that we examined remained unchanged. We report an association between anemia and in-hospital and longer-term mortality, but we cannot infer causality. Although it would be interesting to know whether anemia was associated with cardiac mortality, we were unable to determine the cause of death for participants. We have adjusted for differences in baseline characteristics between the anemic and nonanemic cohorts, but other unmeasured confounders may be contributing to the adverse clinical outcomes associated with anemia that we report. Another limitation was the missing data, which varied in extent depending on the study variable, and we tried to approximate these values using multiple imputations to impute the missing values. Finally, the MINAP data set does not record the receipt of blood transfusions, which may contribute to the adverse clinical outcomes reported. 35 
Conclusions
In conclusion, this is the largest study of the prevalence, clinical characteristics, and outcomes associated with anemia in an unselected national cohort of ACS patients in the United Kingdom. We report a significant prevalence of anemia in a contemporary ACS cohort, with approximately 1 in 4 patients presenting with ACS being anemic, and that these patients are older, have a greater prevalence of comorbid conditions, and are less likely to receive evidence-based therapies shown to improve clinical outcomes. Finally, our findings suggest that anemia is independently associated with adverse 30-day and longer-term mortality outcomes, with a reverse J-shaped relationship between Hb levels and mortality outcomes observed in both men and women. The clinical effectiveness of correcting anemia routinely in ACS has not been widely explored, and there is considerable uncertainty in the value of such an approach. Targeted intervention strategies in this patient population should be explored.
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